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57] ~ ABSTRACT

A semiconductor pressure transducer assembly com-
prising a silicon diaphragm assembly and a glass cover-
ing member. The silicon diaphragm assembly has a
circular diaphragm portion of thin silicon which is
formed using etching, and a thick supporting portion

- therearound. Piezoresistive elements of a piezoresistive

bridge circuit and conducting paths for electrically

connection thereof are formed on the silicon diaphragm

assembly. On a surface of the silicon diaphragm assem-

~ bly, a passivating layer of silicon dioxide are formed in
~uniform thickness, and further on a surface of the pas-

sivating layer is formed a layer of polysilicon on the

- supporting portion of the silicon diaphragm assembly.

In the passivating layer, a contacting window is formed,
through which the polysilicon layer is electrically con-

- nected to the silicon diaphragm assembly. The covering

member of borosilicate glass having a circular well is
mounted and bonded onto the silicon diaphragm assem-

‘bly in contact with the polysilicon layer using Anodic

Bonding method. And the processed silicon diaphragm
assembly has a flat surface thereof, on which the piezo-
resistive elements and the conducting paths are con-
structed using Ion Implantation method, or reforming a
silicon dioxide layer thereon after removing another
silicon dioxide layer used as mask in diffusing process.

10 Claims, 13 Drawing Figures

0 |

52 '/Illmmm 34




U.S. Patent sep. 22, 1981 ~ Sheet 1 of 3 4,291,293




U.S. Patent sep. 22, 1981 Sheet 2 of 3 4,291,293

FIG. 2

52 ”lll

i
N III Illlm.. A

"‘ . . . :"‘"‘“““““““““-““““I- b B

mﬁ'}m”fgﬂ

22 24
27 g 32, 20

200
N ((a )77 77

2!7 - 202 2I5 2l6 2 2I7



U.S. Patent Ssep. 22, 1981 Sheet 3 of 3 4,291,293

FIG. 4

500




4,291,293

1

SEMICONDUCTOR ABSOLUTE PRESSURE
TRANSDUCER ASSEMBLY AND METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
absolute pressure transducer assembly having a cover-
ing member mounted on a silicon diaphragm assembly
on which semiconductor pressure sensitive elements are
- constructed, therefore, a vacuum chamber being pro-
vided therebetween. More particularly, the present
invention relates to a semiconductor absolute pressure
transducer assembly which is fabricated using a method
for obtaining ideally hermitic seal between the silicon
diaphragm assembly and the covering member.

In an ordinal semiconductor absolute pressure trans-
ducer assembly, semiconductor pressure sensitive ele-
ments such as piezoresistive bridge circuit are con-
structed on a silicon diaphragm assembly, each element
of which varies its resistance value dependmg on pres-
sure-induced strains, and a glass substrate is mounted on

the surface of the silicon diaphragm assembly, thereby a
vacuum chamber being formed therebetween. In elec-

tric signal, therefore relative to pressure applied to the
silicon diaphragm, is obtained as an output. In manufac-
turing such pressure transducer assembly, it is consider-
ably mmportant to obtain perfectly hermetic seal be-

tween the silicon diaphragm assembly and the glass

covering member, and simultaneously to fabricate a
- silicon diaphragm in which the pressure-induced strains
appear uniformly on the whole surface in response to
the pressure applied thereto. | |

In U.S. Pat. Nos. 3,918,019 or 4079 508, there is
shown a semiconductor pressure transducer assembly
having a glass substrate and a thin silicon diaphragm
upon which is diffused a piezoresistive bridge circuit.

2

characteristic of the piezoresistive bridge circuit is
harmfully affected because of high voltage applied
across the p-n junction thereof. Namely, the silicon

~ diaphragm assembly is n-type and pressure sensitive
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resistors of the piezoresistive bridge circuit which are

diffused thereon are p-type. When the high voltage is
apphied between the silicon diaphragm and the glass
substrate, with the positive voltage to the silicon dia-
phragm and the negative one to the glass substrate, then
leak current flows through the p-n junction, thereby the
insulating characteristic of the p-n junction of the piezo-
resistive bridge circuit becoming inferior. |

Further, the conducting paths are formed by p + dif-
fusion which yields a low resistivity of the n-type sili-
con. However, this diffusion also causes grooves along

- the constructed conducting paths, though they are very
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Bridge circuit components are properly oriented on the

surface of the silicon diaphragm and connected to bond-
ing pads and conducting paths, both of which are
tormed on the silicon diaphragm. The glass substrate

has a circular well formed therein having a diameter at

least as large as the diameter of the diaphragm. Con-
ducting leads are disposed on the glass substrate in a
pattern matching that of the bonding pads on the sili-
con. The silicon is bonded onto the glass substrate with
the silicon diaphragm overlaying the well in the glass
and bonding pads overlaying the conducting leads de-
posited on the glass using Anodic Bonding method. The
bond performed by that method provides a hermietic
seal between the silicon diaphragm and the glass sub-
strate. |

Generally, layer of insulating material such as silicon -

dioxide (S103) is provided on the surface of the silicon
diaphragm for the purpose of protecting the piezoresis-
tive bridge circuit and the conducting paths formed
thereon. In such construction, however, it is very diffi-
cult to bond the insulating material such as glass sub-
strate on the surface of the silicon diaphragm assembly
under perfectly hermetic condition using a method such
as Anodic Bonding.

In U.S. Pat. No. 3,595,719, method for bonding an
insulator member to a passivating layer covering a sur-
face of a semiconductor is described. In this method,
etching of passivating layer is performed to a thickness
of at Ieast about 1,000 A. with an etchant prior to bond-
ng.

In the case that such method is adapted for manufac-

turing of the transducer assembly mentioned above, the
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shallow in the depth. And the grooves have influence
upon the hermetic seal between the silicon dlaphragm
and the glass substrate.

Another prior art is as follows:

(1) U.S. Pat. No. 3,397,278, “ANODIC BONDING”

This relates to Anodic Bonding technique.
(2) U.S. Pat. No. 3,968,466, “PRESSURE TRANS-

DUCER”: | +
This shows the construction of a conventlonal pres-
sure transducer.

SUMMARY OF THE INVENTION |

An object of the present invention, accordingly, is to
provide a semiconductor absolute pressure transducer
assembly in which an insulator covering member is
hermetically bonded on a silicon diaphragm assembly
on which piezoresistive bridge circuit and conducting
paths are constructed, and therefore, an absolute pres-
sure signal relative to pressure applied to the silicon
diaphragm is provided with accuracy. -

Another object of the present invention is to provide
a semiconductor absolute pressure transducer assembly
and method, in which is provided a silicon diaphragm
assembly on which uniform pressure-induced strains
appear, therefore, a pressure signal being produced n
accuracy. |

Further, another object of the present invention is to
provide a semiconductor absolute pressure transducer
assembly being suitable for mass production.

"The object mentioned above, in accordance with the

- present invention, is achieved by a semiconductor abso-
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lute pressure transducer assembly having a silicon dia-

phragm assembly, on the surface of which are laminated
a passivating layer of insulating material and a layer of
conductive material, and a covering member of insulat-
ing material which is hermetically bonded on the silicon
diaphragm assembly using a method of Anodic Bond-
ing, wheremn the flatten surface of the silicon dia-
phragm, on which are constructed piezoresistive ele-
ments and conducting paths, is achieved by using a .
method of Ion Inplantation or by newly depositing a
passivating layer on the surface of the silicon diaphragm
assembly after removing a silicon dioxide layer which is

~used in diffusion process.

The object mentioned above, in accordance with the

- present invention, is achieved by a semiconductor abso-

65

- lute pressure transducer assembly having a silicon dia-

phragm assembly, on the surface of which are laminated
a passivating layer of insulating material and a layer of
conductive material, and a covering member of insulat-

 ing material which is hermetically bonded on the silicon
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diaphragm assembly using a method of Anodic Bond-
ing, wherein the layer of conductive material i1s formed
on the area of the surface of the passivating layer corre-
“sponding to the supporting portion of the silicon dia-
phragm assembly. | L

The object mentioned above, in accordance with the
present invention, is achieved by a semiconductor abso-
lute pressure transducer assembly having a silicon dia-
phragm assembly, on the surface of which are laminated
a passivating layer of insulating material and a layer of
conductive material, a covering member of insulating
material which is hermetically bonded on the silicon
using a method of Anodic Bonding, and piezoresistive
elements and conducting paths are constructed on the
silicon diaphragm assembly, wherein a window portion
is provided on the passivating layer, and via the win-
~dow portion thereof electrically connecting between
the silicon diaphragm assembly and the conductive
layer which is deposited on the passivating layer of
insulating material. |

These objects mentioned above and other objects and
advantages of the present invention will become appar-
ent from the following detailed description of preferred
embodiment given by reference to the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1a and 14 are a bottom plane view of a glass
covering member and a top plane view of a silicon
diaphragm assembly of an embodiment of a semicon-
ductor absolute pressure transducer assembly con-
structed in accordance with the present invention;

FIG. 2 is a sectional view of the semiconductor abso-
lute pressure transducer assembly shown in FIGS. 1(a)
and 1(b) along the two dotted chain line 2—2; and

FIGS. 3(a) to 3(i) show one method for fabricating a
silicon diaphragm assembly on which piezoresistive
elements and conducting paths are constructed using
method of Ton Implantation; and

FIG. 4 is a top plane view of the silicon diaphragm

which is fabricated according to the method shown in
FIGS. 3(a) to 3(2).

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

Referring now to FIGS. 1(a), 1(b) and 2, a semicon-
ductor absolute pressure transducer assembly having a
covering member 10 of insulating material in which a
circular well 11 is formed on the botitom surface
thereof. The covering member 10 is composed of insu-
lating material which has a thermal expansion coeffici-
ent substantially equal to that of silicon, for the purpose
of elimination of thermal distortion due to the differ-
ence between the thermal expansion -coefficients
thereof. In this embodiment, such material as mentioned

above is borosilicate glass which is available from Cor-

ning Glass work under the trademark “Pyrex,” more
preferably “Pyrex No. 7740.” This borosilicate glass
also shows good stickability to silicon, when 1t 1s
bonded using Anodic Bonding.

On an upper surface of a silicon diaphragm assembly
20 of single silicon crystal, four strain gauge elements
21, 22, 23 and 24 are properly oriented with respected to
the crystal axises thereof, and conducting paths 23, 26,
27, 28 and 29 are constructed, using Ion Inplanation or
diffusion. These strain gauge elements 21, 22, 23 and 24
which construct a piezoresistive bridge circuit are posi-
tioned on a thin silicon diaphragm portion 30 of the
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silicon diaphragm assembly 20, which is designated by
broke line in the top plane:view of FIG. 1(d), and these
conducting paths 25, 26, 27, 28 and 29 are also provided
thereon for electrical connection of these strain gauge
elements 21, 22, 23 and 24. A passivating layer 31 of
insulating material, such as silicon dioxide (S103) is
formed on the whole surface of the processed silicon
diaphragm assembly 20. This is clearly shown in the

sectional view of FIG. 2. A square contacting window
32 is provided on the passivating layer in the area corre-
sponding to a thick supporting portion 33 of the silicon

diaphragm assembly 20. Further on a surface of the
passivating layer 31 laminated on the silicon diaphragm
assembly 20, a layer 34 of conductive material such as
polysilicon is also formed on the thick supporting por-
tion 33, more particularly on the area corresponding to
contacting surface between the silicon diaphragm as-
sembly 20 and the glass covering member 10. Through
the square contacting window 32, the silicon diaphragm
assembly 20 electrically connects to the polysilicon
layer 34, both of which are electrically insulated to each
other with the laminated insulator passivating layer 31
mentioned above.

At the end portions of the conducting paths 235, 26,
27. 28 and 29, five metal electrodes 50, 51, 52, 53 and 54
are constructed, respectively. In the same manner as
mentioned above, circular contacting windows 60, 61,
62, 63 and 64 are first provided on the surface of the
insulator passivating layer, and then, metal such as alu-
minum (Al) is selectively evaporated thereon. There-
fore, these metal electrodes 50, 51, 52, 53 and 54 electri-
cally connect through these windows 60, 61, 62, 63 and
64 and these conducting paths 25, 26, 27, 28 and 29 to
the strain gauge elements 21, 22, 23 and 24 of the piezo-
resistive bridge circuit.

On the bottom surface of the silicon diaphragm as-

. sembly 20, a circular groove 70 is formed at an uniform

40

435

50

depth using etching. Thereby, the thin diaphragm por-
tion 30, which is defined by the surrounding thick sup-
porting portion 33, is formed in the silicon diaphragm
assembly 20. |

The diameter of the circular well 11 formed in the
glass covering member 10 is designed at equal to or
greater than that of circular diaphragm portion 30 of the
silicon diaphragm assembly 20. Thereby, a vacuum
chamber is defined by the circular well 11 and the dia-
phragm portion 30, when the glass covering member 10
is mounted and bonded on the silicon diaphragm assem-
bly 20. -

The bonding between the glass covering member 10
and the silicon diaphragm assembly 20 is performed

- using Anodic Bonding. This bonding method is for

bonding semiconductor or conductor such as silicon to
insulator such as borosilicate glass without necessity of

55 bonding pads, and the details thereof are described, for
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example, in U.S. Pat. No. 3,397,278. In this embodi-
ment, as shown in FIG. 2, the processed silicon dia-
phragm assembly 20 and the glass covering member 10
are piled up, and a positive pole and a negative pole are
provided, with the former to the silicon diaphragm
assembly 20 and the latter to the glass covering member
10. Then, the piled silicon diaphragm assembly 20 and
the glass covering member 10 are placed in vacuum
condition and heated about to 300° C. Between these

poles, voltage of about 700 volt is applied for about 10

minutes. Because the silicon diaphragm assembly 20 1s
electrically connected through the contacting window
32 to the polysilicon layer 34, the high voltage is applied
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between the glass covering member 10 and the silicon
diaphragm assembly 20. Thereby, the glass covering
member 10 1s firmly bonded onto the surface of the
potysilicon layer 34 of the silicon diaphragm assembly
20. ' The semiconductor absolute pressure transducer
assembly having such construction as mentioned above,
- because it is enough to contact the positive pole of the
high voltage not to the polysilicon layer 34 but to the
body of the silicon diaphragm assembly 20, has no diffi-
culty in the bonding process, therefore, bemg su1table
for mass production. - |

The conductive layer 34 of polysﬂtcon, in ‘this em-

bodiment, as previously explained, is provided: only on
the area corresponding to a thick supporting portion 33

6
the silicon dioxide layer 202 of the bottom side of the
stlicon substrate 200 1s used as mask member, and-a thin
silicon disphragm portion 216 is defineded by a thick
silicon supporting portion 217 surrounding thereof.
Then, the reminded silicon dioxide layer 202 is re-
moved, and a silicon diaphragm assembly is fabricated.

A top plane view of the silicon diaphragm assembly

- 300 1s shown in FIG. 4, in which reference numerals

10

of the silicon diaphragm assembly 20. In other words, 15

the polysilicon layer 34 is not provided on the surface of
the diaphragm portion 30 of. the silicon diaphragm as-
sembly 20. Generally speaking, the surface of the
- polysilicon layer formed using spattering, vapor growth
~ or evaportion is not so smooth. In the case that such
polysilicon layer 34 is laminated on the surface of the
diaphragm portion 30, there is possibility that the
polysilicon layer 34 can be easily cracked by the strain-

20

ing force caused due to application of pressure.-This

cracking has various inferior influences upon the char-
‘acteristics of the diaphragm portion 30 of the silicon
diaphragm assembly 20, for example decreasing the
intensity of the diaphragm and so on. Further, if there is
- inuniformity in the thickness of the polysilicon layer 34

formed on the diaphragm portion 30, the characteristics
of the silicon diaphragm assembly 20 is inferiorly af-
fected because of variety of strains appearmg in the
diaphragm portion 30 thereof.

Referring now to FIGS. 3(a) to 3()), there 1S shown a
process for fabricating. a silicon. diaphragm assembly

using lon Inplanation. First of all, referring to FIG..
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3(a), a starting material is a silicon substrate 200 of n-

type. In FIG. 3(b), on the both surfaces of the silicon
substrate 200 are formed silicon dioxide (SiO;) layers
201 and 202, and in FIG. 3(c), a photoresist layer 203 is
selectively etched wusing photoetching, - after being
coated on the surface of the silicon dioxide layer 201 on
the silicon substrate 200. In FIG. 3(d), piezoresistors 204
of a piezoresistive bridge circuit and diffused layers 205
~ of conducting paths are constructed on the silicon sub-

strate 200 using the Ion Inplanation. In this method, the
remineded photoresist layer 203 is used as maks for ior
inplanation, and the piezoresistors 204 of p-type and the

diffused alyer 208 of p+-type are constructed thereby.

‘The photoresist layer 203 is removed afterward. In
FIG. 3(e), part of the silicon dioxide layer 201 is etched
and a contacting window 206 is provided thereby. A
layer of polysilicon is first coated on the whole surface
-of the silicon dioxide passivating dioxide layer 201 with
the contacting window 206, and then is removed by
~etching, remaining a portion 207 on which is later
mounted a glass covering member. Apparently shown
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'in the figure, the polysilicon layer 207, which is re-

minded on the silicon dioxide layer 201, electrically
connects to the silicon substrate 200. In FIG. 3(), fur-
ther contacting windows 208, 209, 210 and 211 are
etched on the surface of the silicon dioxde layer 201.
Electrode material such as aluminum (Al) is coated on
the whole surface of the silicon substrate 200, and a
‘afterward is selectively removed by etching, thereby,
electrodes 212, 213 and 214 being formed thereon, as
shown in FIGS. 3(g) and 3(4#). And in FIG. 3(/), a circu-

lar groove 215 is formed using alkaline etching in which

301, 302, 303, 304 and 305 designate five metal layers of

aluminum- (Al). Through these aluminum layers 301,

302, 303, 304 and 309, the strain gauge elements 21, 22,
23 and 24 are electrically connected to the conducting
paths 25, 26, 27, 28 and 29, respectively. And reference
numeral 32 designates the contacting window through
which the polysilicon layer 207 is electrically connected
to the silicon substrate, and reference numerals 50, 51,
52, 53 .and 54 designate the five electrodes which are
respectively eonnected to the conducting paths 25, 26,
27,28 and 29. B

The diffusion layers, such as conducting paths of
p+-type, which are constructed using the above men-

~tioned Ion Inplanation, has no grooves because the Ion

Implantation can be performed from upward of the
stlicon dioxide layer coated on the silicon substrate.

This 1s clearly shown in FIG. 3(d). The silicon dia-
phragm assembly, therefore, has the diaphragm portion
of uniform thickness, and has very flat and smooth
surface thereof. Because of this flatness of the surface,
the polysilicon layer can be formed in uniform thickness
on the silicon diaphragm assembly. Therefore, the stick-
abtlity of the glass covering member onto the polysili-
con layer is good, and ideal hermetic seals therebetween
can be obtained by using the Anodic Bonding.
Another method for fabricating such silicon dia-
phragm assembly as mentioned above will be explained
herein-after. Namely, after the process for diffusion of
impurtty such as well-known thermal diffusion, the
silicon dioxide layer masked on the silicon substrate is
removed by etching. Newly, a layer of silicon dioxide is
re-formed on the whole surface of the processed silicon
at certain constant thickness. And further thereon, the
polysilicon layer is selectively formed on the area corre-
sponding to contacting surface between the silicon dia-
phragm assembly and the glass covering member.
While we have shown and described embodiments in
accordance with the present invention, it is understood
that the same is not limitted thereto but is susceptible for

numerous changes and modifications as are obvious of

those of ordinary skill in the art, and we therefore do
not wish to be limitted to the details described and
shown herein but intended to cover all such changes
and modifications as are obvious to those of skill in the
art. .

What is claimed is: | -

1. A semiconductor pressure transducer assembly
comprising: a silicon diaphragam assembly having a
thin pressure sensitive diaphragm portion and a thick

supporting portion surrounding the pressure sensitive

diaphragm portion; piezoresistive elements constructed
on the pressure sensitive diaphragm portion of said
silicon diaphragm assembly, the resistance values of the

~ piezoresistive elements varying depending on the strain

65

appearing in the diaphragm portion in response to pres-
sure applied thereto; conducting paths constructed on
said silicon diaphragm assembly for electrically con-
necting of said piezoresistive elements; a passivating
layer of insulating material covering a surface of said
silicon diaphragm assembly on which said piezoresistive
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elements and said conducting paths are constructed; a
layer of conductive material formed on a surface of said
passivating layer; and a covering member of insulating
material mounted and bonded onto said silicon dia-
phragm assembly in contact with said conductive mate-
rial layer on said passivating layer using Anodic Bond-
ing method, wherein said piezoresistive elements and
said conducting paths are constructed on said silicon
diaphragm assembly using Jon Implantation method.

2. A semiconductor pressure transducer assembly as
claimed in claim 1, wherein a photoresist formed on the
surface of said silicon diaphragm assembly is used as

mask means in the Ion Implantation method.

10

3. A semiconductor pressure transducer assembly

comprising: | |
a silicon diaphragm assembly having a thin pressure
sensitive diaphragm portion and a thick supporting
portion surrounding the pressure sensitive dia-
phragm portion; piezoresistive elements  con-

structed on the pressure sensitive portion of said

silicon diaphragm assembly, the resistance values
of the piezoresistive elements varying depending
on the strain appearing in the diaphragm portion in
response to pressure applied thereto; conducting
paths constructed on said silicon diaphragm assem-
bly for electrically connecting of said piezoresis-
‘tive elements; a passivating layer of insulating ma-
terial covering a surface of said silicon diaphragm
assembly on which said piezoresistive elements and

said conducting paths are constructed; a layer of 30

conductive material formed on a surface of said
- passivating layer; and a covering member of insu-
lating material mounted and bonded onto said sili-
con diaphragm assembly on contact with said con-
ductive material layer on said passivating layer
using Anodic Bonding method, wherein said pas-
sivating layer of insulating material is reformed on

15
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fion; piezoresistive elements constructed on the
- pressure sensitive diaphragm portion of said silicon
‘diaphragm assembly, the resistance values of the
piezoresistive elements varying depending on the
- strain appearing in the diaphragm portion in re-
sponse to pressure applied thereto; conducting
paths constructed on said silicon diaphragm assem-
bly for electrically connecting of said piezoresis-
- tive elements; a passivating layer of insulating ma-

terial covering-a surface of said silicon diaphragm
assembly on which said piezoresistive elements and
- said conducting paths are constructed; a layer of

conductive material formed on a surface of said

~ passivating layer; and a covering member of insu-

- lating material mounted and bonded onto said sili-

-~ con diaphragm assembly in contact with said con-

ductive material layer on said passivating layer

~ using Anodic Bonding method, wherein said con-

ductive material is formed on the surface of said

passivating layer on the thick supporting portron of
-said silicon diaphragm assembly. |

5. A semiconductor pressure transducer assembly as

claimed in claim 4, wherein said conductive material is

- formed on the area of the surface of said passivating

25

35

the surface of said silicon diaphragm assembly, on

which said piezoresistive elements and said con-
ducting paths are constructed, after removing a

insulating material layer used as mask means in

diffusion method for constructing said piezoresis-
- tive elements and said conducting paths.
4. A semiconductor pressure trarisducer assembly
comprising: - -
a silicon diaphragm assembly having a thin pressure
sensitive diaphragm and a thick supporting portion

‘surrounding the pressure sensitive diaphragm por-

45

layer corresponding to the contacting surface of said
covering member.

6. A semiconductor pressure transducer assembly as
claimed in claim 1, 3 or 4, wherein in said passivating
layer are formed a contacting window, and said layer of
conductive material covers said contacting window,
therefore, said silicon diaphragm assembly and said
conductive material layer electrically eonneetmg to
each other. | |

7. A semiconductor pressure transducer assembly as
claimed in claim 1, 3 or 4, wherein said silicon dia-
phragm assembly has a circular diaphragm portion and

said covering member has a circular well.

8. A semiconductor pressure transducer assembly as
clalmed in claim 1, 3 or 4, wherein said’ covermg mem-
ber 1s made of borosilicate glass.

9. A semiconductor pressure transducer assembly as

~claimed in claim 1, 3 or 4, wherein said passivating layer

is silicon dioxide and said condiictive material of said
conductive layer is polysilicon. |
- 10. A semiconductor pressure transducer assembly as

- claimed mn claim 1, 3 or 4, wherein said piezoresistive

- 50
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elements construct a piezoresistive bridge circuit. -
| . - ¥ % Xk ¥ %k .
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